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The principle underlying heat insula- 
tion is as old as the building of houses. In 
the beginning houses were only insulation, 
that is, protection against heat and cold. 
The application of this principle caused 
people in warm climates to build of straw 
or grass, and the more grass, the tighter 
the thatch, the cooler was this shelter. 
Working on the same principle men on 
the plains built heavily sodded roofs, and 
found they kept out heat and cold. Eski- 
maux built walls and roofs of snow, which 
contains thousands of cells of entrapped 
air, and these snow huts or igloos demon- 
strate again the universal application of 
this age-old principle to house building. 

We will not trace here the develop- 
ment of the heat insulation idea. Suffice 
it to say that in the Colonial period there 
were very definite attempts to secure 
year-round comfort for houses. Perhaps 
the most generally used was the "wattle 
and daub" construction of New England. 
Here the spaces between the upright tim- 
bers or studdings were filled with a mix- 
ture of straw and mud for the express 
purpose of insulating the walls against 
heat and cold. Other houses were built 
of brick or stone and then completely 
overcoated with wood. Later still, "back 
plaster" came into vogue. This was 
common practice among builders a half 
century back. 

Flax-li-num Flax-li-num was placed on the 
Sold Since mar k e t in 1909. It was de- 
1909 veloped by the late Mr. 

GebhardBohn, owner of important patents 
covering refrigerator and refrigerator car 
construction and a pioneer in the manufac- 
ture of refrigerators. For three years 
Flax-li-num was tried and tested in these 
vigorous fields. It was installed in thou- 
sands of refrigerator cars, where constant 
vibration and racking test the durabil- 
ity of a material to the utmost. \\ ith 
the advent of these Flax-li-num insulated 



cars came the first non-stop transporta- 
tion of perishable trainloads of fruit, from 
California, across the hot deserts, up from 
Kansas City, and clear through to Winni- 
peg. All extremes of climate bridged by 
heat insulation — and that insulation, 
Flax-li-num. 

In 1912 Flax-li-num was first sold for 
house insulation. Then, as now, it was 
cut flanged or scored so that each piece 
when forced in between the studding bent 
back to make air-tight joints against the 
studding on both sides. As the results 
attained by Flax-li-num in these first 

houses became known, the use of Flax-li- 
num spread rapidly. 

This material was, from its very nature, 
a success in the field of house insulation. 
Made solely from the purified tibre ot 
flax, it had all the toughness and life of 
unbleached linen. It was semi-rigid, 
strong enough to withstand the rough 
handling incident to all construction, yet 
flexible so that when studdings shrank 
and buildings settled it would still be in 
place, without bulges, cracks or tears. In 
the process of manufacture it was render- 
ed rat and vermin proof. 



ISot A 
Substitute 
or Dual- 
Pur pose 
Material 



Flax-li-num today occupie 

the same sate middle ground 
as when it was introduced. 
It gives the utmost in insu- 
lating efficiency, and com- 
bines with this rugged durability, ease ol 
application, guaranteed freedom from 
attack by vermin or rodents, and long 
life. It is guaranteed by the makers never 
to fall down or become displaced in th 
walls of any building. Because it is not 
a rigid board it cannot warp, break or 
crack either when buildings settle or be- 
cause of the expansion and contraction of 
its own fibres. It does not substitute tor 
the accepted wood or metal lath, nor for 
sheathing or any other part of the con- 
struction. Consequently its makers are 
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Practical Questions About Heat 



What Is To understand how heat is 
Heat? } ost j n buildings one must 

have a working knowledge of heat. What 
is heat? How does it travel, what stops 
it or " insulates" against it? How is 
heat measured? These questions must be 
answered before anyone can intelligently 
attempt to confine heat or prevent its 
loss from or entrance into a building. 

Heat is a form of energy. It is believed 
to be a vibration of the molecules, or 
extremely small particles, of which all 
bodies are composed. The violence of 
vibration is believed to govern the inten- 
sity of the heat. Every substance on 
earth contains some heat, and to say a 
body is "cold" simply means it contains 
a relatively small amount of heat. 

In measuring heat the intensity and 
the amount must be considered. Bv 



Tem- 



amount 
"intensity" is meant temperature, 
perature is measured by the Fahrenheit 
or Centigrade scale. On the former the 
freezing point of water is set at 32 degrees 
and the boiling point at sea level at 212 
degrees. The centigrade scale sets the 
freezing point at degrees and the boiling 
point at 100 degrees. To convert from one 
scale to the other suppose the temperature 
Fahrenheit to be T f and the temperature 
Centigrade T c then 

9 

Tf =— (Tc+32) 
5 

5 
Tc=— (Tf-32) 
9 

What a To explain the difference be- 
B. T. U. Is tween the intensity and the 
amount of heat; a small piece of white 
hot metal, while it has a much higher 
temperature, may not contain as much 
actual heat as a pail of warm water. The 
amount of heat must be measured in units, 
just as the intensity is measured in de- 
grees. The unit of heat is that amount 
required to raise the temperature of a pound 
of water one degree Fahrenheit at its maxi- 



mum density. This amount is called a 
British Thermal Unit, or a b.t.u. A more 
accurate definition follows: A b.t.u. is a 
one hundred and eightieth part of the heat 
necessary to raise the temperature of a 
pound of water from 32 to 212 degrees 
Fahrenheit. 



How Heat 
Travels 



1. Radiation. Heat travels by 
radiation, conduction and con- 
vection. The great example of radiation is 
the sun's heat. This is radiant energy, 
subject to the same laws as radiant light. 
It travels in straight lines. As with light 
some substances are transparent to it, like 
air, while others like Flax-li-num are al- 
most perfectly opaque to it. Radiant heat 
does not warm the air thru which it passes. 
That is why it is so difficult to get a room 
warm with an electric reflector heater. 

2. Conduction. If one end of an iron 
poker is held in a fire the other end shortly 
gets very hot. This is conduction, the sec- 
ond way in which heat travels. Heat will 
pass from any body to a body at a lower 
temperature brought into contact with it, 
or it will pass from one part of a body to- 
another distant part so long as there is a 
difference in temperature between the 
parts. Materials, however, vary widely 
in their ability to conduct heat. Metals 
are the best conductors, while Flax-li-num 
and similar materials are poor conductors. 

3. Convection. The third method of 
heat travel is known as convection. Heated 
fluids or gases expand, become lighter 
and hence rise* Colder gases or fluids 
contract, become heavier and hence fall. 
Thus are set up currents with the gases 
or fluids actually being moved from one 
point to another. This is convection. 
Every hot water plant and hot air furnace 
operates because of it. Radiators are effi- 
cient because of convection acting on the 
air content of rooms. Convection is the 
greatest of the direct channels through 
which man makes use of heat. 
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How Heat Is Lost From Buildings 



Buildings lose heat, first, by a combina- 
tion of conduction, convection and radia- 
tion through the walls and roof; second, 
by actual air leakage or "infiltration"; 
third, by ventilation. Windows increase 
the loss by radiation and conduction. The 
character of walls and roof determine the 
amount of loss through them. 

It is important to realize that "tight" 
construction (painting-in window frames, 
calking, lining houses with paper, etc) 
effects only the "infiltration" and cannot 
cut down the great losses due to the three 
sources of heat travel. No matter how 
"tight" a sheet metal shed may be it will 
always be frigid in winter and unbearably 
hot in summer. 



encounters a resistance before it enters and 
as it leaves any substance. Thus every air 
space in a wall or roof adds two "surface 
resistances" to the total heat resistance 
of that wall or roof. The "surface re- 

' of materials differ widely, and 
they must be taken into consideration 
when building walls or roofs. On some 
published heat transmission tables may 
be found a note as follows: "Surface 



sistances 



effects eliminated/ 
fects" 



These "surface ef- 



are part of the wall resistance in 
every case except where the wall is abso- 
lutely solid. To eliminate them is to 
induce error instead of to correct error. 




Air 
Spaces 



The other is the use of millions } we ? n ™ e studd , in g> and separated from 

both plaster and attic floor in the roof. 

f "■ " 11 « *"» * 4 ■ m * ■ * 1 



There are two methods of 
stopping heat flow. One is by 
the use of the vacuum. The only practical 
application of the vacuum method is 
the famous "Thermos" vacuum bottle, 
where convection has been eliminated by 
the removal of the air, and radiation has 
been eliminated by the mirrored surfaces, 
which cause a reflection of the radiant 
rays. 

of tiny dead air spaces confined within 
the texture of a material. 

All refrigerators, fireless cookers, cool- 
ing rooms and railroad refrigerator cars 
operate by this latter method. Some- 
where in the walls and roof they have an 
"insulation," a material containing these 
tiny air spaces. Materials are good insu- 
lators about in proportion to the number 
and smallness of the particles of air en- 
trapped within them. The refrigerator 
cars now in operation lined with Flax-li- 
num would make a train extending from 
St. Paul several miles past Chicago. 

Surface Air spaces touch heat flow in 
Resistances anothe r way, as shown on the 
diagrams on the page that follows. Heat 



An insulation placed half way 
between the studding pro- 
duces two more surface resist- 
ances than the same insula- 
tion placed against the sheath- 
ing or against the plaster. 
The transmission of the re- 
sulting wall is therefore lower. 

This is the reason behind the Flax-li- 
num specifications No. 4-A and 13-A, 
which show Flax-li-num half way be- 



Efficien t 

Heat 

Insulation 

Takes 

Advantage 

of "Surface 

Resistances 




These specifications, besides their practical 
features of space saving and economical 
installation, allow Flax-li-num to func- 
tion at its maximum efficiency by taking 
advantage of the full surface effects of 
each member of the wall and roof. This 
is simply utilizing the laws of nature; 
working with nature begets a double 
benefit. 

It is a mistake to so apply heat insula- 
tion that these surface effects are lost. 
To plaster direct to insulation causes the 
loss of two surface drops; to apply insula- 
tion over sheathing on the outside and 
cover with siding also causes the loss of 
two surface drops. Flax-li-num specifica- 
tions are designed to produce maximum 
efficiency on the job itself. 
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How Heat Transmissions Are Found 




If house walls and roofs were made up 
of solid masses of a single material the 
heat transmission of any wall would be a 
simple problem of addition. Knowing 
the transmission coefficient of a given unit 
thickness we could simply add and sub- 
tract to obtain the result for a wall or 
roof as specified. Walls, however, are 
made up of layers of different materials, 
each with a different transmission 
coefficient. They are further complicated 
by air spaces like those between studding. 

Some basic formula is necessary that 
will solve the heat transmission of any 
wall or roof. This formula must be theo- 
retically sound, and in addition it must 
check with actual tests in the laboratories 
of reliable experimental engineers. 



Formula of The formula used almost uni- 



Willard & 
Lichty 



versally and capable of most 
absolute proof both theoreti- 
cally and experimentally is that of Messrs. 
Willard and Lichty, as published in Uni- 
versity of Illinois Bulletin No. 102, and 
followed in Willard and Harding's 



as 




handbook, " Mechanical Equipment of 
Buildings." No space is available here 
for the proof of this formula. Full expla- 
nation of its origin and derivation is con- 
tained in the Bulletin above mentioned. 
It has been accepted and successfully 
applied by heating engineers for a period 
of years, and experimental tests upon wall 
sections check closely with the results 
computed from the formula. 

Development of the formula for simple 
and compound walls is shown on the dia- 
gram below. The key is as follows: 

K =heat transmission coefficient of wall desired in b. t. u. 

per sq. ft. per <.\g. F. per hr. 

C =conduetivity coefficient of material making up wall 

per inch in b. t. u. per sq. ft. per dg. F. per hr. 

Si = inside surface coefficient of material making up wall 

in b. t. u. per sq. ft. per dg. F, per hr. 

So = outside surface coefficient of material making up wall 

in b. t. u. per sq. ft. per dg. F. per hr. 

T = thickness in inches. 

The factors, S G , Si, S2/S3, Si, and Cl, C2, Cj, etc., are 

known from tabulations of tests and experiments. 

The figure (.210) gives us the amount of heat in b. t. u.'s 
transmitted through a square foot of the Brick Veneer 
wall shown below for every degree difference between the 
outside and inside temperature for every hour of time. 



HEAT TRANSMISSION THBU SIMPLE WALL 
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MEAT TRANSMISSION THQJ WALL Of MORE THAN 
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How Heat Is Lost Through House Roofs 





The same formula used to determine 
heat losses through walls may be applied 
to house roofs. The roof construction, as 
well as that of the top story ceiling, affects 
the heat flow and should be considered. 
For generations the popular method of 
determining this loss was to assume an 
average winter temperature in the attic 
or loft, and then consider only the trans- 
mission from the upstairs rooms to the 
attic. 

This attic temperature, for instance, 
was often taken at 40 degrees, where the 
average temperature outside was being 
taken many degrees lower. The fact that 
there was a constant heat loss from the 
attic which varied with the construction 
of the roof above was entirely overlooked. 

Heat passes from upstairs rooms into 
the attic, and from the attic to the out- 
of-doors. The attic forms an open space 
which adds two surface resistances to the 
total heat resistance of the roof and ceil- 
ing combination. Considering this com- 
bination as a compound wall eliminates 
an old error, and brings computed heat 
losses nearer the actual. This method is 
followed by Professor Frank B. Rowley 
in his bulletin, "Transmission of Heat 
Through Building Materials," published 
under date of October 26, 1923, by the 
University of Minnesota. 

The formulas given on page eight ac- 
curately gauge all heat losses that occur by 
conduction in straight lines through the 
ceiling and roof. They are correct with- 
out adjustment so long as there is no 
variation in construction at the eave line. 
However, where an attic floor is used, as 
in ceilings A-l, B-l, E-l and F-l, a siz- 
able heat loss occurs from the ceiling into 
the attic which does not go through this 



floor, but travels around it by convection 
and up through the open spaces between 
the rafters, which are not as a rule cov- 




frGUQE No. I 

Showing trvncl of Air and 
Heat Now at Gave Line 
where Attic floor b u^ed 



ered by the attic floor. The illustration, 
Figure 1, shows the manner of this heat 
flow. 

In computing the heat loss from ceilings 
where this construction is in use it is safe 
to assume the heat resistive qualities of 
the floor (not any other part of the roof 
and ceiling combination) cut in two for a 
distance of six feet out from the walls. 

The formula for this 6-foot strip, there- 
fore, becomes: 



i 



K = 



1 1.125 1 1 .75 1 1 .75 1 

+ + — + — + — + — + — +— + 



4.2 1.2 1.4 1.4 1.2 1.4 1.3 8.3 1.3 



or 

1 



K = 



= ,220 



4,544 



The heat loss from the roof of the house 
shown on page fourteen is computed on 
this basis* 
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Copyright 1924— The Architects* Small House Service Bureau— Home Plan No. 6A17, Northwestern Div. Inc 
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The Net Saving on Actual Houses 



Heat insulation cannot save all the heat 
wasted in a house. "Infiltration," or ven- 
tilation, is not entirely eliminated by heat 
insulation. Losses due to conduction and 
radiation through windows are not cut. 
The question arises, how much is the net 
saving on a definite house? 

This net saving varies with every plan. 
To illustrate the savings and to show that 
they are real and tangible, two houses 
are shown, with the total heat losses, 
radiation savings and coal consumed com- 
puted on the basis of average tempera- 
ture difference for the northern half of 
the United States. Each house is figured 
with each wall and with insulated and 
uninsulated roof. 

The heat transmissions used for walls 
and roofs are those shown on the charts, 
the derivation of which has been given. 
The houses were assumed to have double 
sash which has a heat transmission .45 
b. t. u. 

Value of hot water radiation taken is 
150 b. t. u. per square foot. Maximum 
heat loss to determine size of radiators 
and of necessary heating plant is com- 



grees Fahrenheit and outside of 20 de- 
grees below zero Fahrenheit. 

The heating season is taken at 210 days 
with an average temperature difference of 
28 degrees Fahrenheit (U. S. Weather 
Bureau Reports) over this period. 

In figuring coal savings, 7,200 b. t. u. is 
taken as useful heat from anthracite coal, 
per pound, as fired under average conditions. 

Heat losses through windows and heat 
losses due to infiltration are assumed to 
be the same where insulation is used as 
where no insulation is used. Heat loss 
due to infiltration will in actual practice 
vary, depending upon the wall construc- 
tion. Calking around windows, well fitted 
insulation, beam fills, storm sash and 
weather stripping all cut down air infiltra- 
tion. Houses insulated with a material 
placed between the studding let through 
less air than if no such material were in 
place. For this reason actual insulated 
houses show bigger coal savings than those 
indicated here. This is a variable factor 
upon which there is no definite data and, 
therefore, all infiltrations are considered 
to be equal. Infiltration is taken as N= 1. 
That is, one complete air change takes 



puted with inside temperature of 70 de- place in the house every hour. 



Key to Symbols Used in the Following Computations 



H 

W 

G 

C 

V 

N 

T 

To 

Kw 

Kg 

H w 
Hg 

Ha 
He 



Total heat in b. t. u.'s 

Wall surface in square feet 

Glass surface in square feet 

Ceiling surface in square feet 

Volume of air in cubic feet 

Air infiltration changes per hour 

Room temperature 

Outside temperature 

Heat transmission constant for wall 

Heat transmission constant for glass 

Heat in b. t. u. transmitted through wall per hour or KwW (Ti — 

Heat in b. t. u. transmitted through glass per hour or K g G (Ti — 

Heat in b. t. u. lost by infiltration per hour or .02VN (Ti — To) 

Heat in b. t. u, transmitted through ceiling per hour. 



To) 
To) 
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DADIATION AND FUEL 5AVING5 ON A HOUSF 

(ARCHITECTS 5MALL HOUSE SEQVICE &UQEAU PLAN NUAA5E&6A17) 



W = 1872 5QUARE FEET WALL SURFACE 
G =211 SQUARE FEET GLASS SURFACE 



C476 5Q.FT AT ROOF CONSTANT v/ =ll6e> o CU FT VOLUAAE. 

C-464 SQ.FT. AT EWE LINE CONSTANT V W ° CUfT V0LU * E 



STUCCO FIMI5HED 
WALL NUAAfrEC 



A-l 



K 



W 



Kg 



Kc 



Kc 



.242 



.45 



A79 



.220 



K 



w 



H& 



40.772 



He 



HCL 



Hv 



8.546 



2,6}? 



9,5&5 



564 



TOTAL 



10% FOB EXPOSURE 



TOTAL L.0S5 PER HOUR. 



TOTAL CAOIATION REQUfRFD 



COAL IN TONS PER, SEASON 



63, UP 



8,312 



91,432 



610 



10.0 



5k.ick finished 
wall numbed. 



A-l 



K 



W 



Kg 



.210 



Kc 



Kcl 



H 



W 



tt6 



.45 



179 



ZZO 



35,381 



H c 



ficl 



Hv 



8,54 6 



2,635 



9,585 



TOTAL 



21 ,584 

7 7,729 



107o FOB EXPOSURE 



TOTAL LOSS PER HOUR 



TOTAL RADIATION REQUIRtD 



COAL IN TOMS PERSON 



7,77 3 

85,502 



5 70 



9.3 



SIDING FINISHED 
WALL NUAA6EQ. 



A-!> 



Kw 



K 



K c 



Kc 



.275 



45 



.179 



.210 



h w 



Ho 



He 



FIcl 



5-1 



146 



-45 



.104 



.116 



24.596 



L649 
5,055 

21584 



bl,Z30 



6 123 



67,353 



449 

7.3 



5-2 




45 



104 



.116 



22,408 



<9,540 



1,647 
t055 



21,564 



59,038 



5,904 



64,942 



433 



7.1 



e>o 



.151 



45 



42,902 



104 



.116 



25.4 40 



8,546_ 
2.655 



6,546 



9,565 



H v 



21.564 



TOTAL 



107- EOR EXPOSURE 



TOTAL LOSS PER HOUR 



TOTAL RADIATION KQUICED 

COAL IN TONS PER SEASON 



85,310 



8,531 



93,841 



1.647 



5,055 



21, 564 



C-l 



D-l 



.287 



.161 



43 



.179 



.210 



48,354 



45 



.104 



.116 



6.546 



27,124 



6.546 



ZA11 



9,565 



21,564 



90,702 



9070 



99,772 



L647 



5,055 



£1,584 



6375 



665 



10.9 



70,129 



466 



7.6 



C-2 



D-2 



.255 



45 



.179 



.ZZO 



.141 



61 



.104 



.116 



42,962 



23,756 



8,546 



2,835 



9,563 



21,564 



8,546 
1,647 



5,055 

21,364 



85,310 



8,551 



9 3,841 



626 



60,386 



6,039 



66,425 



443 



Toe 



7.2 



co 



0-5 



.216 



4-5 



179 



.220 



36,391 



8,546 



.229 



45" 



.179 



.116 



38,582 



2,835 



9,563 



21,364 



62,070 



6,207 



78,739 



7,874 



8,546 
2,855 



9,585 



21,564 



E-l 



F-l 




^ 



.179 



220 



.211 



45 



.179 



.220 



60,147 



6.546 



2,855 



9,585 



2 1,584 



35, 599 



8,54-6 



2,835 



9,585 
21,564 



63,754 I 102,495 



10,250 



112,745 



752 



77,947 



7,795 



85,742 



5 72 



12.3 



9.3 



E-2 



F-2 



.191 



45 



.179 



.ZZO 



32,179 



8,546 



2,835 



146 




43 



.104 



.116 



24,598 



8,546 



9,563 



21,364 



1647 



505J 



21,364 



74,527 



7,453 



81,980 



547 



61,228 



6,123 



67,351 



449 



879 73 



E-O 



F-3 



.121 



45 



104 



ZZO 



20,386 



.170 



4? 



.104 
.116 



28,642 



8,546 



1,647 



5.053 



21,364 



8.546 



1,647 



5.Q53 




2 1,364 



8Q,930 



5 7,016 



65,272 



* 
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i 



COMPARISON OF REQUIRED RADIATION AND FUEL 

CONSUMPTION IN HOUSES BUILT FROM THE SAME 



PLAN WITH COMMON TYPES OF WALLS AND ROOFS 



(acchi 




SMALL HOU5E SERVICE FjUREAU PLAN#CA17) 



NGN-INSULATED HOUSE 



NSULATED HOUSE 



(Constructions On Same Levels Identical Except Foe Insulation) 



WALL 

num&ee. 



A-l 



C-l 



E-l 



r-i 



a-2 



c-z 



E-Z 



A- 3 



c-i 



l>3 



VALUE OF 

K 



.242 



267 



357 



.211 



.210 



.255 



.191 



.255 



.216 



.229 



AVERAGE 



246 



QAOIATION 
REQUIRED 



TONS or 

COAL PER 
REASON 



010 



665 



7 52 



10,0 



WALL 
NUMBER 



B-l 



10.9 



12.3 



*>72 



570 



626 



547 



629 



■ 



577 



594 



9.3 



9.3 



10.2 



6.9 



10.2 



9.5 



614 



9.7 



10.0 



D-l 



5-2 



VALUE OF 



.146 



.161 



RADIATION 
REQUIRED 



AA9 



466 



TONS OF 

COAL PEC 

SEASON 




76 



D-2 



F-2 



5-5 



E-3 



F-"5 



.133 



.141 



.146 



.151 



.121 



.170 



.146 



433 



443 



449 



7.1 



7.2 



7.3 



455 



416 



4 79 



449 



7.4 



6.6 



7Q 



7.3 



SAVING THRU -CEILING OF A50/E liOLbE .l79-.lQ4 = 419PrOTMT 

179 

SAVING THRU AVERAGE WALLS • 245-H6_= 4 0.4 PERCENT 

AVERAGE SAVING ON RADIATION 6 14- 440 = 26.6 PER. CENT 

614 

AVERAGE 5AVING IN FUEL PER SEASON 10.0-73=270 PER CENT 



NOTE:- 



10.0 

The above determination on seasonal fuel consumption 
does not take into consideration the fact that a well 
insulated house has a value of"l\T1ess than for the non- 
insulated house. No absolute data on air infiltration in 
in sulated houses is a vail able. This perhaps is one of the 
factors accounting for the greater saving* in fuel in 

practice than is shown bij these computations. 
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Floor Plan and Elevation of 
Typical One Story Bungalow 
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Heat Losses on Bungalow Type Houses 





The more compactly a house is de- 
signed the lower will be the fuel bill per 
cubic foot of space. Square and rectangu- 
lar houses burn less fuel than those of 
more complex design. Fuel bills alone do 
not govern the design of houses. It is, 
however, advisable to take cognizance of 
house types that increase heat loss by 
better heat insulation where these types 
are employed. 

One of the most common of the high 
heat loss types of houses is the one-story 
bungalow and its modification, the story 
and a half house. In this class may be 
included all houses with relatively large 
roof areas and without attic floors or fin- 
ished rooms above the regular living 
quarters. This includes a great many 
houses of the Dutch Colonial type and 
most houses of the smaller English Cot- 
tage type. 

One reason for the higher heat losses in 
this house type lies in the construction 
of the roof and ceiling. 

Where the roof and ceiling combination 
of the two-story house, including the attic 
floor, without heat insulation is .179 b.t.u. 
the roof of the one-story and Dutch Col- 
onial types is .284 b.t.u. 

The relation between these two roof 
types is as follows : 

Difference in heat transmission 
thru roof of bungalow and two- = - 
story house. 



284— .179 
.284 



= 37% 



This percentage is somewhat reduced 
by the correction made on the two-story 
type for convection around the attic floor 
at the eave line. In a great many houses 
much of the benefit of the attic floor is 



dissipated by poor construction at that 
point. 

But if the heat loss thru bungalow 
roofs is high great reductions can be made 
by properly heat insulating these roofs. 

One inch Flax-li-num applied to the 
under side of the ceiling joists and furred 
out with lx2's to receive lath and plaster 
cuts the transmission from ,284 to .132 
b.t.u. This establishes the relation be- 
tween the insulated and uninsulated roof 
as follows: 



Saving in heat transmis- 
sion thru ceiling and roof = 
combination. 

(One Story Bungalow) 



284 - .132 
.284 



= 50.3% 



This saving of 50.3 percent is to be com- 
pared with the following saving made by 
insulating the roof of the full two-story 
house 



Saving in heat transmission 
thru ceiling and roof combination = 

(2 Story House) 



179 - .104 
.179 



= 42% 



It will be seen from the above that the 
unit loss per square foot of roof area is 
greater in the one-story house. And since 
there is usually a larger proportional roof 
area on this type of house the total heat 
losses are noticeably larger. The need for 
heat insulation is therefore greater and 
the savings made by heat insulation, are 
larger than on the two-story types. 

To illustrate the savings made by heat 
insulating houses of this type a simple one- 
story bungalow is figured in the same 
way as the two-story house. Like the 
two-story type this home is shown with 
all applicable wall and roof constructions. 
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DADIATIO 


N AND FUEL 

(ONE STOJ21 

E FEET WALL JTJQFAC 

!E FEET GLA/7/UQFACE 


_ SAVINGS ON A MOUSE 

' 5UNGALOW) 




W=1005/QUAQ 
G - 162 /QUAG 


E C = 1060/Q FEET OF CEILING 7UQFACE 

V=9010 CUDIC fEET VOLUME 




STUCCO FINISHED 
WALL NUAAftEB 


A4 


Dl 


c-i 


D-l 


Tf'l 


F-l 




K.W 


.242 


.146 


.2 87 


.161 


•557 


.211 




K 


.45 


.45 


45 


.45 


45 


.45 




*C 


.284 


.152 


.284 


.152 


.264 


.264 




H w 


2L,ft69 


i 5,200 


25,959 


H562 


52,291 


19,065 




H& 


6,561 


a56i 


0,561 


6,561 


0,561 


6,561 




H C 


27,095 


12,595 


27,095 


12,595 


27,093 


27,095 




H V 


16,216 


16,Z16 


10,216 


LoZ 16 


16ZL6 


16,216 




TOTAL 


71,701 


46.576 


75,831 


49,954 


62,105 


66,957 




101c FOP EXP 


7,170 


4,656 


7,565 


4,995 


6,216 


0,696 




TOTAL LO// PER HOUR 


76,057 


55.430 


65,414 


54,927 


90579 


75,653 

500 




TOTAL 12 AD. 12 EQ. 


520 


550 


556 


367 


605 




COAL IM TONS PfC If AI0N 


6.6 


%6 


9.1 


6.0 


9.<3 


6.3 




I5121CK FINISHED 
WALL N)U7V\bEP_ 


A-2 


frZ 


c-z 


D-l 


L-Z 


F-2 




K w 


.270 | JT5 


.255 


.141 


.191 


.146 




K& 


.45 


45 


.45 


45 


45 


.45 




Kc 


.264 


.152 


.264 


.132 


.264 


.152 




Hvv 


19£05 


11,630 


2 5,005 


12,755 


17, 276 


15,206 




H & 


0,561 


6,501 


0,501 


0,561 


6,561 


0,561 




H c 


27,005 


12,595 


27,095 


12,595 


27,093 


1 2, 595 
16216 




H v 


16.Z18 


10,216 


10,216 


16216 


16,216 




T0TAL 


69,6 77 


47,202 


72,957 


46,125 


67^146 


46,576 
4,659 




loio roe exd 

TOTAL LO// PER nOUB 


0,968 


4,720 


7,294 


4,612 


6,715 




7,643 


51*922 


CQZ51 


52,957 


73,6631 55,457 




TOTAL DAD. CEQ. 512 


346 


555 


555 


493 


550 




COAL IN TONS PR rtftSOfi 5.3 




6.7 


5.6 


SA 1 5.A 




/IDIN6 FINtfflED 

WALL AlUMoER. 


A- 5 


f)-3 


C-5 


D-5 


CO 


F-5 




K w 


.255 


-151 


.Z10 


.229 1 .121 


.170 




Kq 


45 


45 


45 


45 


45 


45 




Kc 


.264 


.152 


.264 


.264 


.152 


.264 ' 




H w 


£5.065 


15,056 


19,557 


2 0,7 1 3 


10,944 


15376 




H<j 


6,561 


0,501 


0,561 


0,501 


6,561 


0,561 




He 


27,095 


12,595 


27,095 


27,095 


12,595 


27,093 




H v | IMlft 


16,216 


16,216 


16,216 


10,216 


16,216 1 




TOTAL 

101c FOB EXP 


72,957 


49,029 


6Q4091 70,5641 46,516 


65,246 
6,525 




7,294 


4,905 6,0411 7,059 4,652 




TOTAL LOM PEC HOUQ 


\ 60,251 1 55,952 


76,559 


77,643 


50946 


71,775 




10TAL T5AP. CEQ. 


555 ! 300 


509 


51a 


540 


476 




GOAL INTOtoPEes^SGN 


<3.6 


59 


6.5 


6.5 


5.5 


7.5 _ 
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ADI5QN OFQEQUIDED DADIATION 



AND 



FUEL CONSUMPTION 




HOUSES bU I LT FROM THE 



SAME PLAN WITH COMMON TYPES OF WALLS AND DOGft 



(one 



5TOQY BUNGALOW 



Now Insulated eIouse 



Insulated House: 



WALL 
NUM&LD 



kzl 



L=l 



VALUE OF 



742 



I .267 



E-l 



F-l 



A-£ 



357 



.211 



RADIATION 
PEQUIQED 



TONS OF 
COAL DEB 

SEASON 



5m 



556 



603 



210 



C-Z 



E-£ 



A-5 



C-!3 




D-3 



F-3 



AWDAGE 



255 



.191 



500 



T12 




493 



.255 



.Z16 



.226 



535 



509 



5T3 



170 



.257 



476 



524 



6^6 



9.1 



9.6 



£3 



6.3 



6.7 



6.1 



WALL 
NUMIXQ 



D-l 



D-l 



VALUE OF 
K 



.146 



DADIATION 
REQUIRED 




.161 



367 



D-Z 



.133 



D-Z, 



F-Z 



8.6 



8.3 



6.5 



6-3 



E-3 



7.6 






8.57 



.141 



.146 



.151 



121 



143 



Mh 



TON!) GF 

COaL PE Q 
SEASON 



53 



6.0 



5.2 




356 



560 



540 




5^ 



5.6 



5.9 



5.5 



5.79 



5avind thru ceiling of above h 
^Saving thru average insulated 

Saving in radiation, average 
Averade, .Saving 



.264 



1W 



.254 



.143 



.237 
T24 — 353 



524 

i n fuel per season 8.6 — 5.5 



5 3. 5 Percent 
52.7 Percent 
52.7 Percent 

32.6 Percent 



6.6 



Note: The above determination on seasonal fuel con sump 

tion does not taKe into consideration the fact that a 






well insulated house h 



of'N 



than the 



non-insulated house.No absolute data on air infil- 
tration in insulated houses is available. This perhaps 

is ome of the factors accounting for the greater 



savin 



.,_ 



th 




in fuel in practice than is shown bvj 

com put at 
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£ C I. LV ^- 1- 



{ 




n T 1I5T I LCC* PUN' 



Slc on d Tlogl ?LAN r 

SC ILL ^-J'-o' 






Floor Plans and Elevation of a Larger House 
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COMPAQ 1 SON 



DEQUIDED DADIATION 



AND EUEL CONSUMPTION IN A LAGGED HOUSE 



4 C LA1Q W. DITCHY, ARCHITECTS. 



W=7H5 5QUAQE. flU WALL 5UQFACL C=25 2 )75QUAQLrC[TOrC[ILING 5UQFAC[ 

G =598 5GUAQE FEET GLA55 SUQfACL V=!5o060CUftlC FEET VOLUME 



WALL NUM5EQ 
CLILING NUMbER 



A -I 

c-i 



D-l 



w 



Cj 



W 



.210 



.133 



C<M 



• H2 



s'su 5 a 



36.S26 



67,302 



24,219 



04,944 



3U3Z6 



24,219 



TOTAL 



64,944 



1Q7o TOO EXPOSURE! 
MAXIMUM LOSS PEQ hOUD. 



215,717 



156,017 



21,S72 



15,602 



TOTAL DAD. RLQ.nOT WATEP 



237,269 



173,519 



TOTAL QAD.QE1Q.VAPOQ 



U62 



MS" 9 



989 



724 



COAL IN TONb PEP 5EA50N 



2 5.6 



ia.9 




5avm0 thru cei Imp of above hna.sc -264 — .152 



.264 



=536 Percent 



5avinp thru wall 



210 



133=566Pcrcent 



.210 



5avinp in radiation 



1562 



11 59 =26.7 Percent 



1582 



Saving 



in fuel 




er season 



2 5.6 



16.9 



2 0.7 Percent 



2%3 



(Note: To simplify computations all walls have been 
taken as brick veneer, al though small parts oi the 
top 5torcj are actually stucco and half timber) 
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